This paper considers a consumption-based asset pricing model where housing is explicitly modeled both as an asset and a consumption good. As a consumption good, housing expenditure share is modeled as a novel risk factor. As an asset, it is the major component of wealth other than …nancial asset. The ‡uctuation of aggregate housing-…nancial wealth ratio, as a consequence of irrational housing market, impacts the budget constraints of households. It increases household's exposure to risk and shifts the conditional distribution of consumption growth.
Introduction
Housing is widely accepted having a dual-role in real economy. It is the single most important consumption good supplying amenity for households, and, at the same time, the dominant asset in their portfolios. This research explicitly models this characteristic in the utility function to explain the variations in both expected returns across stocks and equity risk premium over time.
Our research starts with Flavin and Yamashita's(2002) point that housing is one asset in household's portfolio. In an uncertain environment, wealth composition should satisfy the mean-variance e¢ ciency structure (Flavin and Nakagawa, 2008) . If the stock market is e¢ cient, as in the Fama's (1970) hypothesis, the ‡uctuation of wealth composition, measured by housing-…nancial wealth ratio, is triggered by irrational housing market. The ‡uctuation of wealth composition in ‡uences the budget constraints of households, and changes the distribution of consumption growth. This is a possible channel through that irrational housing market impacts the expected stock return.
This paper also connects the model to asset price data. The predictions of the model are con…rmed by U.S. equity return data over time and in cross-section. The model …nds a signi…cant relationship between irrational housing market and risk premia. Risk premia of consumption growth in a hot housing market is higher. The consumption betas are time-varying. Conditional on the wealth composition, the covariances of returns with aggregate risk factors explain 80% of the cross-sectional variation in annual size and book-to-market portfolio returns.
Housing exactly plays a dual-role in our asset pricing model. As a consumption good, it is separated from the common consumption and modeled as an independent argument in the utility function. In Piazzesi, Schneider and Tuzel's (2007) general equilibrium model, housing consumption introduces a novel risk factor: shock of the non-housing expenditure share. This new argument in stochastic discount factor (SDF) is derived from the non-separable utility function, and represents the consumption composition risk.
As an investment good, housing is an asset in the households'wealth portfolio. The change in wealth composition re ‡ects the change in the expected risk premia for individual asset. If housing market is irrational, a high housing-…nancial wealth ratio implies that housing market is hot. Investors expect housing to have high risk premium in future, and they will increase housing investment in their portfolio. When their expectations are broken, some of the investors will be su¤ered from tight budget constraints. Households with tight budget constraints may not have enough resource to satisfy full consumption insurance assumption 1 . Variation in households'consumption growth introduces a new factor to asset pricing model. This mechanism bridges the wealth composition and expected stock return. Four key elements play the key roles in this process. They are listed as follows:
Irrational Housing Market. The stock market e¢ ciency is a widely discussed topic, and Fama (1970) concludes that the e¢ cient market hypothesis is not neglected after reviewing a large number of articles on market e¢ ciency research. This hypothesis asserts that …nancial markets are "informationally e¢ cient", in other word, rational. Although the hypothesis is still controversial by some empirical results and behavior …nance theory, economists will still accept this hypothesis in their models'assumption 2 .
However, housing market is known to be less e¢ cient and driven by irrational behaviors of households because of the special characteristics of housing, such as high transaction cost, indivisibility, and lack of short sell. This is supported by empirical evidence 3 .
Portfolio. "Modern portfolio theory is a theory of investment, which attempts to maximize portfolio expected return for a given amount of portfolio risk, or equivalently minimize risk for a given level of expected return, by carefully choosing the proportions of various assets" 4 . It is so called "mean-variance e¢ ciency framework". This leads to the development of the synthetic risk model known as "CAPM theory" (Sharpe,1964; Lintner,1965) , widely used in the stock market. Flavin and Yamashita (2002) include housing as one of the assets in household's portfolio, and explain the owner-occupied housing decision based on this theoretical framework 5 . In the mean-variance e¢ ciency framework, the composition of portfolio is determined by the expected return, volatility of assets, and the risk attitude of consumer. In a general equilibrium structure, the expected return and the volatility of assets both source from the uncertain environment. The portfolio composition is …xed if the risk attitude of consumer is constant. The composition 1 "If markets are complete or if there is some other mechanism or set of institutions that implement a full-information Pareto-optimal allocation, then an individual's consumption should not respond to idiosyncratic income or wealth shocks." (Cochrane,1991) . 2 The continuous discussion on e¢ cient market hypothesis can be found in Fama's(1998) other survey paper. 3 The most important paper testing e¢ ciency in housing market is published by Cash and Shiller (1989, 1990) . They build repeated sale housing price index for four metropolitan areas, and …nd very strong serial correlation. They conclude U.S. market for homes appears not to be e¢ cient. Recently Shilling and Sing (2009) point out the irrational term in commercial real market can explain 4 percent of the variations among total 19 to 27 percent. 4 http://en.wikipedia.org/wiki/Modern_portfolio_theory 5 The researches on portfolio choice with exogenous returns in the presence of housing also can be found in Yamashita (2003) , Cocco (2005) , and Flavin and Nakagawa (2008) . of portfolio re ‡ects the expected performance of asset in an uncertain environment.
Consumption Insurance. This idea comes from the permanent income hypothesis in macroeconomic area. Modigliani and Brumberg (1954) and Friedman (1957) note in their permanent income hypothesis and life cycle model that individuals tend to smooth their consumption over states of nature in order to maximum their utility functions over the life cycle. The consumption insurance in asset pricing model is viewed as a crosssectional counterpart to the life cycle theory 6 . The full consumption insurance implies that heterogeneous consumers are able to equalize, state by state, their marginal rates of substitution. Therefore, the equilibrium in a heterogeneous-consumer economy is isomorphic in its pricing implications to the equilibrium of a representative-consumer economy (Wilson, 1968; Constantinides, 1982) . This theoretical fundamental underlies most of macroeconomic asset pricing models, and thus the aggregate data can link with pricing models with representative agent. The primary testable implications of equilibrium in a representative-consumer are the set of Euler equations of consumption, enlightened by Lucas(1978) . However, the model performs poorly in explaining security prices. Mehra and Prescott (1985) point out that the model predicts a mean equity premium that is too low and a mean interest rate that is too high given the observed low variability of aggregate consumption growth in U.S. market, and they call this phenomenon "equity premium puzzle". Modi…cations are suggested to mitigate the poor empirical performance of the model. Some start from the assumption of full consumption insurance, and this research is one of them.
Heterogeneous consumers and Limited Participation. If consumption insurance is incomplete, representative agent makes no sense in asset pricing model. The earlier studies suggest that the potential enrichment of the joint assumption -heterogeneous consumers and incompletely consumption insurance on asset pricing is illusory 7 .
Constantinides and Du¢ e (1996) argue that the previous models with heterogeneous consumers, that have failed to improve the performance, have a common feature, that the individual income to aggregate income is time series stationary. They relax this assump- 6 There is an extensive literature on the hypothesis of complete consumption insurance; see , Mace (1991) , Altonji, Hayashi, and Kotliko¤ (1992) , and Attanasio and Davis (1996) . 7 For example, , Lucas (1994) and Telmer (1993) calibrate economies in which consumers face uninsurable income risk and borrowing or short-selling constraints, and conclude that consumers are able to come close to the complete-markets rule of complete risk sharing, even though consumers are allowed to trade in just one security in a frictionless market. Aiyagari and Gertler (1991) and Heaton and Lucas (1992 , 1995 , 1996 added transaction costs or borrowing costs in economies with uninsurable income risk and concluded that consumers are still able to come close to the complete-markets rule of complete risk sharing, unless the ratio of the net supply of bonds to aggregate income is restricted to an unrealistically low level.
tion by adding a factor, consumption growth distribution, in the SDF. This theory is empirical supported by U.S. Consumer Expenditure Survey (CEX) data (Brav, Constantinides and Geczy, 2002) . Their idea is adopted by most of models with heterogeneous consumers 8 . That is, to de…ne a non-stationary individual endowment to aggregate data ratio …rstly, and then derive a distribution factor in the SDF. The tail of the distribution can be truncated, which implies limited participation in asset pricing market. Empirical data support this assumption. Based on the 1984 Panel Study of Income Dynamics (PSID) data, Mankiw and Zeldes (1991) …nd that only about 30% households own stocks in the U.S. Despite the tremendous growth of U.S. stock markets during 1990s, such limited market participation still exists. The 1998 Survey of Consumer Finances (SCF) shows that less than 50% of the U.S. households own stocks and/or stock mutual funds (including holding in their retirement accounts) (Cao, Wang and Zhang, 2005 ). In our model, all agents are heterogeneous and some of their participations on stock market are restricted by unexpected declines in housing price. Our model is built on the consumption based asset pricing model (CCAPM) (Breeden, 1979; Breeden and Litzenberger, 1978; Campbell, 2003) . The four key elements incorporate the irrational housing market risk into asset pricing. The irrational housing market introduces new source of risk; and portfolio theory points out that wealth composition can measure the irrational market. I assume full consumption insurance only happens for households without tight budget constraints. Heterogeneous consumers and limited participation is added to correct bias generated from the aggregate data due to lack of full consumption insurance.
The recent …nance crisis is a natural incentive of this research. It is believed that a crisis starting from irrational market and the risk in housing market is fully laid on the …nancial market. As the press describes: If we take a close look on the U.S. macroeconomic statistic, we …nd a puzzle on the link between consumption growth and equity premium. Before the …nancial crisis, in 2007, the equity premium in U.S. market was around 7%, and was consumption growth 1.5%. During the crisis, the market return was -49%, and the consumption growth was only about -1%. That implies a huge change in risk aversion coe¢ cient; it is impossible.
Our model includes a new risk factor, deriving from the consumption growth distribution and limited participation, as a wedge between the di¤erent consumption "betas" before and after crisis. The declines in housing price change some households' budget constraints, because of the losses unexpectedly. These households must change their consumption growth and withdraw their equity from the stock market. The following are reported in the press: "At the start of 2008, with the U.S. economy weakening and job losses multiplying, the defaults began to spread as millions of Americans with plainvanilla prime mortgages also ran into trouble making their payments. In some cases, borrowers found they had paid in ‡ated prices for homes they could no longer a¤ord. This paper also presents micro evidence from the subprime crisis based on a rigorous dataset to illustrate the mechanism proposed by this model. 2009 Panel Study of Income Dynamics (PSID) survey includes questions on households'…nancial distress information during the crisis. The households'responses before (2007) and after (2009) the subprime crisis support the linkage between micro fundamentals and macro environment produced by the model. The data show that the nondurable goods consumption growth (indicated by food expenditure) and the participation in stock market have clear heterogeneous patterns between the unconstrained households and the households in distress. The micro data imply that the heterogeneity is embedded the risk of housing wealth. This paper proceeds as follows. Section 2 discusses the past related work. Section 3 presents the model and pricing kernel. Sections 4 to 6 show the empirical evidences of asset pricing model. Section 7 analyzes the micro evidence to verify our model. The paper is concluded in section 8.
Related Literature
The main contribution of this paper is to link the expected stock return with the irrational housing market, and …nd housing-…nancial wealth ratio is a predictor of stock return. This research starts with a traditional consumption based asset pricing model. This model assumes that there is a single nondurable consumption good; and the pricing kernel is based on the intertemporal marginal rate of substitution (IMRS) of a representative agent. However, in long time horizon, this model is empirically queried by equity premium puzzle (Mehra and Prescott, 1985) ; and in cross-section, the nondurable consumption beta, which is the risk measurement in CCAPM, also fails to explain the cross-sectional variations of expected stock returns (see Breeden, Gibbons, and Litzenberger, 1989 and Shapiro,1986) .
Reconginizing the limitations of the model in …tting the empirical results, a number of generalizations have been suggested to mitigate the poor empirical performance of the model. In a general equilibrium framework, two modi…cations for the utility function are suggested to add more volatility of consumption growth to the model. One is to use recursive function in utility representation Zin, 1989, 1991) , which allows for the separation of the elasticity of intertemporal substitution (EIS) from the risk aversion. The second one is to add habit persistence in the preference (Boldrin, Christiano and Fisher, 2001 ; Constantinides, 1990) , which has potential to account for the equity premium puzzle by implying only a modest degree of risk aversion on the part of households.
Besides focusing on the utility function, researchers also try to …nd more risk factors in the real economy to improve the performance of CCAPM. Considering heterogeneous consumers instead of representative agent, Cogley (2002) and Brav, Constantinides and Geczy (2002) …nd that the factor from distribution of consumption growth, such as the standard deviation and the skewness, reduces the size of the Euler equation errors for the stock return. Lettau and Ludvigson (2001a, b) empirically show that the ratio of consumption to wealth predicts the asset returns and conditional versions of CCAPM conditioning on the ratio of consumption to wealth perform much better than the unconditional versions. Santos and Veronesi (2006) incorporate the ‡uctuation of consumption to income ratio into asset pricing model and show it can forecast the stock return. Yogo (2006) shows that, conditional on high risk aversion, a model with consuming durables can account for time variations in the equity premium, as well as the size and value premia.
Our paper is related closely to the work of Piazzesi, Scheider and Tuzel (2007) , and Lustig and Nieuwerburgh (2006) . Piazzesi, Schneider, and Tuzel (2007) construct an equilibrium asset pricing model with housing and show that the composition of the consumption bundle appears in the pricing kernel, and matters for asset pricing. The housing expenditure share predicts stock returns. Lustig and Nieuwerburgh (2006) …nd that the ratio of housing wealth to human capital is related to the market price of risk and thus has asset pricing implications. They model this mechanism as collateral channel; where the collateral ratio in ‡uences asset pricing through the consumption growth distribution.
This research is also part of a small but growing literature that incorporates real estate into the asset pricing framework. Stambaugh (1982) tests CAPM with several market portfolios, constructed as a combination of asset classes, and some of them include proxies for residential real estate. Cochrane ( , 1996 explores the explanatory power of residential and non-residential investment on the equity returns in the context of his production-based asset pricing framework. Cocco (2005) , Flavin and Yamashita (2002) , and Flavin and Nakagawa (2008) consider portfolio choice with exogenous returns in the presence of housing. Kullmann (2003) includes measures of both residential real estate returns and commercial real estate returns (as measured from REITs) in the market portfolio. Chu (2010) models the ratio of consumption to housing as a pricing factor in his intertemporal-CAPM. Tuzel (2010) explores the linkage between corporate real estate holding and stock return controlling for asymmetric adjustment cost of di¤erent capital.
Model
Our economy includes a continuous of in…nitely lived heterogeneous households who consume nondurable consumption and housing service. Housing plays a dual-role in the model as both a consumption good and an investment good. The irrational activity of housing market breaks the assumption of full consumption insurance and changes the distribution of consumption growth in the cross-section, which creates a wedge between the market valuation of payo¤s and the representative agent's intertemporal marginal rate of substitution (IMRS).
Environment and Preferences
In an uncertain environment, each households faces two types of uncertainty: one is the idiosyncratic component y 2 Y ; the other is the aggregate component z 2 Z. The household in time t lives in an environment (y t ; z t ) 2 Y Z. This set follows a Markov process with transition probabilities that obeys:
The economy has only two types of commodities: a nondurable consumption good, c and housing service, h. Preferences are standard. We use fxg to represent an in…nite stream fx t (y t ; z t )g 1 t=0 . The households utility function is as follow:
where is the time discount factor, and the utility function kernel is de…ned as constant elasticity of substitution (CES) function over composite consumption goods (Eichenbaum and Hansen,1990) :
where > 0, represents the weight of the housing services in utility function; is the coe¢ cient of risk aversion, and " is the intertemporal elasticity of substitution between nondurable consumption and housing services. Specially, this preference is separable when 
where the superscript a represents the variables can be measured by aggregate data. In the model, housing rental market is frictionless. 
Housing Market
For individual household, housing can be taken as both a consumption good and an investment good. In each period, he/she can rent out the housing to earn rental income. If each household is endowed with a labor income stream f t (y t ; z t )g 1 t=0 , the budget constraint of the household can written as,
where a is a vector of …nancial asset, v is a vector of price and d is a vector of dividend.
In the economy, the composition of household's wealth is made up of both …nancial asset and housing. Housing is not only owner-occupied, it can also be rented out. 
In the economy, a household can only accept the price and dividend of …nancial asset, and the price and rental of housing. the stream of them are determined by systematic shocks z t . As z t is a Markov process, the excess returns of both the …nancial asset and the housing are assumed as Brownian motion processes with a variance-covariance matrix as in Flavin and Nakagawa (2008) . Housing and …nancial assets that make up the wealth portfolio of the household is represented as fa; h o g. Given that the markets are perfect and frictionless, the composition of optimal portfolio in the mean-variance e¢ ciency framework is a constant vector M fM a ; M h g, where M a and M h denote the market value of …nancial asset and house 9 . We use the housing-…nancial wealth ratio ha to represent the composition of household's portfolio:
This ratio is depended on the risks of two di¤erent asset in the uncertain environment, but independent of the idiosyncratic risk of the household.
In the model, the housing market is irrational. So both hot and cold market exist periodically. The household in housing market does have perfect foresight. If the ideal housing-…nancial wealth ratio in the same uncertain environment is constant, any ‡uctu-ations of the ratio indicate that the housing market is either hot or cold. Suppose in a hot housing market, all households tend to invest more wealth into the housing market because of irrational expectations. Then, the housing asset will constitute a higher weight in their portfolio.
The irrational housing market changes the conditional distribution of consumption across households and asset pricing. Equation (2) is the household budget constraint at time t. Suppose that in the previous hot housing market household allocates higher weight of housing wealth; ha t 1 is higher. The return of housing investment is lower than the household's expectation in next period. some households will face a tight budget constraint because misallocation of wealth portfolio. In the next part, we will discuss how the irrational behavior impacts the asset pricing.
Pricing Kernel
Following the hypothesis of full consumption insurance, household's consumption is independent of idiosyncratic shock, and its growth follows a simple pattern except it is bound by a tight budget constraint. When household enters a state of tight constraint, e.g. negative net wealth, the idiosyncratic shock is a determinant factor for consumption growth. The consumption growth rate with a tight constraint is lower than that under the full consumption insurance. These households are likely to withdraw investment from …nancial assets to satisfy their consumption requirement. As a result, some households will not invest on the …nancial assets. The tight constraint breaks the full consumption insurance hypothesis and the fraction of households with tight constraints depends on the housing-…nancial wealth ratio. In a hot housing market, marked as high housing…nancial wealth ratio, more households will be a¤ected by losses in housing investment. As a result, the ‡uctuations of the housing-…nancial wealth ratio change the conditional distribution of consumption across households and asset prices.
We use a set of consumption weights fwg to characterize the household's consumption in the aggregate data. at time t, the consumption of household i is
at time t + 1 with aggregate environment z t+1 , the full consumption insurance growth is (z t+1 ). For households without tight constraints,
For the household facing tight constraint, the consumption growth depends on both individual and aggregate shock; and the growth rate is~ (y t+1 ; z t+1 )
The aggregate consumption at time t + 1 is the sum of consumption by individual household,
where households marked from 0 toĨ are not bound; households marked fromĨ to I are bound. I de…ne
increases with the fraction of households with a tight constraint. By linking housing-…nancial wealth ratio ha t with the fraction change,
can be predicted by ha t . From equations (3), (4) and (5),the set of consumption weights at time t + 1 can be written as:
; :::;~ (y
; :::
By substituting equation (6) into equation (1), I derive the stochastic discount factor (SDF) of household without tight budget constraint; and only this fraction of households participates in the asset pricing. The SDF will be
where the a t+1 decreases with ha t . a t+1 constructs the liquidity factor g t+1 . Overall, the stochastic discount factor (SDF) in this model is written as
where m a t+1 is the IMRS of a representative agent, which can be calculated by aggregate data as in Hansen and Jagannathan (1991) . Following Lustig and Van Nieuwerburgh (2005), g t+1 is a liquidity factor contributed by the budget constraints. In stationary equilibrium, only households without tight constraints can participate in the asset market. So the fraction of households without tight constraints in ‡uences the liquidity factor in pricing kernel. In the model, the liquidity factor depends on the housing-…nancial wealth ratio. When the ratio is high, the constraints are tight because housing return is lower than the expectation. Many households are highly constrained, the liquidity factor enhances the risk of consumption change. The risk-free rate is low, inducing households to decrease assets at a high rate. When this ratio is low enough in a cold housing market, none of the households are constrained and interest rates are high.
In the next part, we show that housing wealth composition can explain some of the variations in U.S. stock returns over time and in the cross-section.
Data and Measurement
In order to test the model, we use the total housing-…nancial wealth ratio ha to predict the stock market return. Next we discuss the data used in the estimation and the construction of ha.
Measurement of Housing-Financial Wealth Ratio
ha is de…ned as the total housing wealth hv divided by total …nancial wealth av in certain time. The housing wealth is generated from Fixed Asset Tables (Bureau of Economic Analysis). The net stock current value of owner-occupied and tenant-occupied residential …xed assets for 1929-2009 , as reported in line 1 of the peaking during booms and hitting lows during recessions. It is therefore a good indicator for business cycles. The housing wealth growth is also procyclical, but is smoother than the …nancial wealth growth. The housing market is illiquid and irrational, adjusted at a slower rate to shocks. As the model's de…nition, we use hv and av to calculate the housing-…nancial wealth ratio ha. We de…ne ha f a = hv f a =av; and ha rw = hv rw =av. The …xed time e¤ect on the wealth composition is controlled. We run an OLS regression with time t as an independent variable, and ha t as a dependent variable. The coe¢ cient of time is highly signi…cant (p value is less than 0.001, not reported). The residual of this regression is used to represent the housing-…nancial wealth ratio excluding time e¤ect, which are de…ned as ha f a andha rw . Figure 2 shows the trend of these four di¤erent measurements. Figure 2 (c) presents the comparison of housing-…nancial wealth ratios estimated using di¤erent housing wealth data. In general, they have similar trend and volatility. Table 1 gives the summary statistics. The means of housing wealth and …nancial wealth growth are very close, at around 6% (7% in subsample). It is consistent with our model's assumption. In the market with perfect foresight, housing wealth and …nancial wealth have the same growth rates. The volatility of housing wealth growth is signi…-cantly lower than that of the …nancial wealth growth, and the autocorrelation of housing wealth is higher than …nancial wealth in the full sample and subsample. Compared with the …nancial wealth growth, some irrational factors drive housing wealth growth much historical correlated and slowly response to economy shock. And this fact implies that the housing-…nancial wealth ratio possibly measures the ‡uctuations in an irrational housing market. This table shows two di¤erent measurements of housing-…nancial wealth ratio, and both have the similar mean and autocorrelation.
Consumption Data
In this estimation, the consumption data include two series: one is nondurable consumption without housing, the other is housing consumption. Both of them are obtained from the National Income and Product Accounts (NPIA), Table 2 .4.5, "personal consumption expenditures by type of product". The housing consumption is based on "the housing rental for tenant-occupied house and imputed rental for owner-occupied house". And this data can be found in line 50.
Following the literature in asset pricing area (see, for example, Lettau and Ludvigson, 2001; Piazzesi, Schneider and Tuzel, 2007), we de…ne the nondurable consumption as the aggregate consumption of nondurables (line 25) and services (line 47), then excluding shoes and clothing (line 30) and housing consumption expenditure (line 50). All the expenditures are de ‡ated by their respective price indexes in table 2.4.4, "price indexes for personal consumption expenditures by type of product". We also divide the consumption by the total population from line 18 in table 7.1, "selected per capita product and income series in current and chained dollars".
The in ‡uence of housing consumption is modeled as a composition risk of consumption here. The share of non-housing consumption is the asset pricing factor. is calculated based on non-housing consumption and housing consumption. From the descriptive statistics in table 1, we …nd that the share of non-housing consumption is highly persistent -its autocorrelation is 0.943 in the full sample and 0.977 in the subsample. The mean of its change is very small, and less than 0.001. The growth rate of non-housing consumption is less persistent; its autocorrelations over the two samples are 0.475 and 0.340, respectively. The volatilities of both non-housing consumption growth and share of non housing consumption in the full sample are larger than the corresponding volatilities in the subsample.
Financial Data
To test this model's forecasting ability, we use the stock market return, risk-free rate, and Fama-French portfolio returns as the test assets. The market return and risk-free rate are obtained from Robert Shiller's 10 website. Table 1 shows the summary statistics for these returns. The stock market returns have a high mean of 5.4 percent, and 6.4 percent after 1945 and high volatility. By contrast, the risk-free rate has a low mean of about 1 percent, and a low volatility of less than 0.001. We use the 25 size and book to market value Fama-French portfolios as the cross-sectional test assets. This data is from Kenneth R. French's 11 website.
Long-horizon Forecasts
In this section, we investigate the predictive power of the housing-…nancial wealth ratio in a longer horizon. The K-year continuously excess compounded log return of stock market is de…ned as R e t;t+K = P K k=1 (r e t+k 1;r+k r f t+k 1;r+k ), where r e t+k 1;r+k is the log market return from t + k 1 to t + k; and r f t+k 1;r+k is the risk-free return from t + k 1 to t + k. Figure 3 gives a visual impression of the behavior of detrended housing-…nancial wealth ha together with the 10 year cumulative excess market return. The series exhibit a clear positive correlation, and especially the two series have a strong co-movement after 1945.
In addition, we project long-horizon excess returns on the housing-…nancial wealth ratio with the following equation. We use di¤erent measurements of the housing-…nancial wealth ratio and run regressions over di¤erent time periods. The estimates of explanatory variable and the R 2 of the models are reported in table 2. The HAC Newey-West standard errors (Newey and West, 1987) with lag length K are also calculated and the signi…cance of the coe¢ cients based on Newey-West errors at 10% level is indicated in boldface. The p value of F -test for the coe¢ cients based on Newey-West errors is also reported. All the slope coe¢ cients b are positive for the subsample. A high housing-…nancial wealth ratio predicts a high future risk premium, which is consistent with the model. For the full sample, the coe¢ cient is positive but not signi…cant. The explanatory power in short horizon is low, at less than 1%. However the explanatory power increases to 5% for non-detrended ha f a and 7% for the detrended ha f a in the long horizon.
The asset pricing factors have better prediction in the subsample from 1945 to 2009. Both the detrended and the non-detrended housing-…nancial wealth ratios based on …xed asset have signi…cant slope coe¢ cients on the long horizon returns. In the long term horizon, the explanatory power can reach about 35%. The housing-…nancial wealth ratio measured by the residential asset value also has a highly positive correlation with the long horizon return. The coe¢ cient on ha rw is positive but not signi…cant. But the explanatory power in long term horizon also can reach more 10%.ha rw has better explanatory power than the non detrended one. The coe¢ cients are signi…cant, except for K = 3; and the explanatory power is 30%, which is about 3 times that of the non-detrended one.
From these regression results, we can …nd that the housing-…nancial wealth ratio has high predictability in the long horizon, and its long term explanatory power is better than that in the short term. We present two reasons here. Firstly, we use the housing…nancial wealth ratio to capture the in ‡uence of irrational housing market. The in ‡uence is stronger in the long term than in the short term. Secondly, the housing-…nancial wealth ratio is a conditional factor on general consumption based asset pricing model. In the long horizon, consumption change is smoother. The conditional factor has more information on the return. The explanatory power is higher for the housing-…nancial wealth ratio in the long term horizon.
Cross-Sectional Test of the Linear Factor Model
In this section, We test the cross-sectional implication of the conditional consumption based asset pricing model by approximating it as a linear factor model. The test assets are 25 Fama-French portfolios. The cross-sectional estimation evaluates the predictability of asset pricing factor on di¤erent types of stocks. The results can be readily compared with those found in the large literature on cross-sectional asset pricing, which are also testable for the linear factor model.
The Linear Factor Model and Fama-MacBeth Procedure
First, we assume the liquidity factor in our model can be written as a linear function in ha t ,
The stochastic discount factor is a combination of the aggregate stochastic discount factor and the liquidity factor. A …rst-order Taylor approximation of the aggregate stochastic discount factor model is
where F c t+1 represents ln(c a t+1 ); and F t+1 represents ln( t+1 ). By combining the two parts of the stochastic discount factor, the linear factor model is
where is a vector of constants, = (const;~ ) and F t+1 is the vector of asset pricing factors,
; F t+1 ; ha t ; ha t F c t+1 ; ha t F t+1 ). From equation (7) and (8) , the associated factor loading are~ 1 
. The model can be tested using the unconditional orthogonality conditions of the discount factor and the excess asset returns following Fama-Macbeth(1973) 
Using the de…nition of the risk-free rate and the covariance, the unconditional factor model implies an unconditional -representation:
where R e;j t;t+1 = r e;j t;t+1 r f t;t+1 , is the excess return of asset j. This equation says that the premium on asset j is the price of risk~ times its quantity of risk Cov(F t+1 ; R e;j t;t+1 ). By de…ning the "beta" of asset j as = Cov(F t+1 ;F 
where =~ Cov(F t+1 ;F 0 t+1 ) is the factor risk premium. We apply the two-stage Fama-MacBeth procedure to estimate equation (9) . In the …rst stage, for each asset j separately, excess returns are regressed on factors to uncover the "beta". In the second cross-sectional stage, average excess returns are regressed on the "beta" derived from the …rst stage to obtain the market prices of risk .
Results from Fama-MacBeth Procedure
We use all 25 size and book-to-market portfolios as the test assets. Table 3 reports the market price of risk estimated from the second stage of the Fama-MacBeth procedure. Below the estimates, we also report the OLS standard errors and Shanken(1992) standard errors, which correct for the fact that "betas" are generated regressors from the …rst timeseries step. In the end of the table, both R 2 and adjusted R 2 are reported, to show the model's explanatory power. Column (1) shows the result of standard CCAPM. It explains 8% of the cross-sectional variation in excess returns of the size and book-to-market portfolios between 1929 and 2009. The HCAPM model (Piazzesi, Schneider and Tuzel, 2007 ) that includes nonseparable preferences between nondurable goods and housing predicts a composition risk on the asset pricing model. Column (2) shows the composition of non housing consumption risk increases the R 2 to 63%. HCAPM has a higher explanatory power than general CCAPM.
Column (3) through (6) investigate the housing-…nancial wealth ratio model with di¤erent measurements. In each of the regression, R 2 is larger than 65%. The …xed asset measurement has longer time-series data than the residential real estate value measurement. Their R 2 s are much higher. The coe¢ cient of interaction between consumption composition change and housing-…nancial wealth ratio a;ha is positive and signi…cant based on Shanken-corrected standard errors. This is consistent with our model's predication. We also run several other asset pricing models to do a comparison with our model's predictability. Table 4 shows the results with data from 1929 to 2009. The last column reports the results of wealth ratio model with non-detrended …xed asset measurement. In the standard CAPM (Sharpe, 1964; Lintner,1965) , the return on the wealth portfolio is proxied by the market return R vw , as shown in column (1). It explains 29% of the variations in annual returns. The Fama and French (1993) three-factor model adds a size and a book-to-market factor to the standard CAPM. The size factor is the return on a hedged portfolio that goes long in small …rms and short in big …rms (smb). The value factor is the return on a hedge portfolio that goes long in high book-to-market …rms and short in low book-to-market …rms (hml). The model accounts for 85% of the cross-sectional variation in our series. All coe¢ cients of asset pricing factors are signi…cant in this model. Lettau ) paper, which adds the housing and income ratio as an asset pricing factor into HCAPM. It explains 86% of the annual cross-sectional variations. As noted by Lettau and Ludvigson (2001b) , the size of the correction is larger using macroeconomic factors compared with using purely …nancial variables. Indeed, table 4 shows that the Shanken-corrected standard errors are larger for the macroeconomic asset pricing factor and few coe¢ cients are signi…cant. Figure 4 also reveals that the small value portfolio (the lowest quantile in both size and book-to-market value) and the small growth portfolio (the lowest quantile in size and the highest quantile in book-to-market value) have the largest pricing error in CAPM, CCAPM and Fama-French three-factor model. The wealth ratio model does a good prediction for them. The predicted return for small value portfolio is almost the same the realized one. The pricing error for small growth portfolio is 1.85%, less than 3. 
Sensitivity Analysis
As a …rst robustness check, we relax the Markov assumption imposed on the aggregate weight shock by including additional k lags of the aggregate factors in the empirical speci…cation of the aggregate weight process. We introduce two lags of consumption growth and expenditure share change as additional asset pricing factors in the unconditional cross-sectional model. Table 5 shows the estimates for di¤erent speci…cations. We use the detrended …xed asset measured wealth ratio as asset pricing factor; and column (1) repeats the results of the model without historical information. Column (2) and (3) add the interaction of lagged consumption growth and wealth composition. Column (4) and column (5) continue to add the interaction of lagged expenditure composition change and wealth composition. The goodness of …t of the cross-sectional estimation does not improve signi…cantly by adding more lagged aggregate factors. When one lag of consumption growth is added in the model, the explanatory power increases by about 8% (comparing column (2) with column (1)). The extra factors are mostly insigni…cantly. We can conclude that the Markov assumption in linear model …ts the data rather well. The expected return can be predicted by the historical data.
Secondly, the theory uses the wealth composition to measure the hot or cold housing market. A hot housing market damages the budget constraints for more households in future. We estimate the model with one period lagged wealth composition variables because the exact housing market cycle is not known. Table 6 shows the results of the linear model with a longer lagged wealth ratio. We use the detrended …xed asset measured wealth ratio as the asset pricing factor; and column (1) repeats the results of the model with the wealth ratio at time t. Column (2) through (4) show the results of our model with lag L = 1; 2; 3 for the wealth ratio. The …ts, as measured by the cross-sectional R 2 or by pricing errors, is lower compared to the linear factor as reported in column (1); but still higher than HCAPM model. Furthermore, the coe¢ cients on the interaction between consumption growth and lagged wealth ratio L = 1; 2 are positive and signi…cant, which are consistent with the model's prediction.
Thirdly, we re-constructed the data into a new long horizon sample. The annual excess returns are accumulated into T +1 year cumulative excess return, R e t;t+T +1 = P T =0 R e t+ ;t+ +1 . The consumption growth and expenditure composition are computed between t and t + T + 1, ln c t;t+1+T = ln c t+1+T ln c t and ln t;t+1+T = ln t+1+T ln t . The detrended …xed asset measured wealth composition at time t is still used as the asset pricing factor. Table 7 shows the results for T = 0 through T = 7. Column (1) repeats the same sample's results when T = 0. For column (2) to column (7), the time horizon of returns increases with T . In a long time horizon, the cumulative excess returns tend to be smoother, and the consumption growth explains less on the return variations. We …nd that the model still has high explanatory power on return variations even in a long horizon with smoother returns.
Time-varying Consumption Betas
Why does the wealth composition model can help explain the value premium? In the model, stock riskiness is determined by the covariance of its returns with aggregate risk factors conditional on the state variable ha, which measure the housing market condition. The conditional covariance re ‡ects time-variation in risk premia. For a consumption based CAPM, the risk exposure is time-varying because of changing housing market conditions. The proposed model predicts that the hot housing market pushes up the risk exposure on consumption. In addition, if time variation in risk premia is important in explaining the value premium, stock with high book-to-market ratios should have a larger covariance with aggregate risk factors in risky times.
We estimate the risk exposure ("beta") for each of the 25 size and book-to-market portfolios. Actually this is the …rst step of the Fama-MacBeth two step procedure. In order to get the time-varying consumption "beta" of each portfolio, we impose a CCAPM model with time-varying wealth composition: Equation (10) allows the covariance between return and consumption growth to vary with di¤erent ha t . We run this regression with the detrended …xed asset measured ha from 1929 to 2009. Based on the estimates, the consumption beta is calculated as Table 8 shows the statistic of consumption betas for di¤erent portfolios. Column (1) shows the average consumption betas. We also de…ne the top 30% ha t sample as hot housing market and the bottom 30% ha t sample as cold housing market. Average consumption betas for both markets are reported in column (2) and column (3) respectively. Table 8 shows that the exposure for consumption risk in the hot housing market is higher than that in the cold housing market for most portfolios. The value stocks (BE/ME group 4 and 5) have higher consumption beta than the growth stocks (BE/ME group 1 and 2) in the hot housing market. However in cold market, consumption betas of all portfolios are not signi…cantly di¤erent. The standard deviations of consumption beta for di¤erent housing market report that the hot housing market has higher variations for consumption beta than that in the cold housing market.
Micro Evidence from Subprime Crisis
The "subprime crisis", which is widely linked with housing market, started from the …-nancial market, and subsequently caused serious spillover e¤ects on the global economy. Our model starts from a micro perspective and emphasizes households'tight budget constraints in an irrational housing market. The micro dataset from suprime crisis provides an opportunity to understand the micro mechanism behind the macro factor pricing model.
Measurement of Distress
In our model, the wedge between the consumption growth and the expected stock return is caused by the heterogeneity among households. We use household level Panel Study of Income Dynamics(PSID) data to analyze households'…nancial conditions and consumption growth in a declining housing market. More importantly, the 2009 PSID survey collects the delinquency and foreclosure information, which makes this research possible. More details of this dataset are given in the appendix.
The proposed model describes one state in which households face tight budget constraints, because their housing prices are lower than their expectations. Practically, it is di¢ cult to …nd data to measure the tight budget state. Base on 2009 PSID survey 12 ,
we take the delinquency and foreclosure as the indicator of households in distress, to represent households with tight budget constraint in this section. . More details can be found in the appendix. 13 In classic mortgage default model, foreclosure could caused by either negative equity value or liquidity constraint (tight budget constraint). Recent literature reports a high weight of households hold negative equity mortgage, and strategic defaulters (caused by negative equity value) are few out of total defaulters. (see Foote, Geradi and Willen, 2008; Guiso, Sapienza and Zingales, 2011; Liu, Riddiough and Sing, 2012) over the total observations. This participation rates are lower than 20% expect for 2001, which is slightly above 20%.
14 Taking a close look at the data, large variations exist across di¤erent years. Out of the total sample, households hold stocks in 2001 around 7% more than households also hold stocks in 2009, the post subprime crisis periods in 2009. Table 9 clearly shows that the number of foreclosure and the stock market participation have the same trends. A high rate of foreclosure implies more households are in distress, which means that less households will participate in the stock market. We also include the macro asset pricing factor, housing-…nancial wealth ratio ha, in line 3. A high rate of foreclosure and less stock market participation rate always come after higher housing-…nancial wealth ratio, which is referred to as "hot housing market" in the asset pricing model. This can proof the asset pricing factor has a good performance as representation of micro pricing foundation. Three categories of variables are used to predict the distress of households. The …rst one is the wealth allocation. Model 1 includes the house value weight 15 , mortgage weight, stock weight and personal business weight; and Model 2 uses the house equity weight 16 14 However, Mankiw and Zeldes (1991) use PSID 1984 survey data and report that about 30% households own stocks. The di¤erence in the results could be due to di¤erent statistic methodologies used. In 1984 PSID survey, the stock holdings also include indirectly stock holdings through IRA (Individual Retirement Arrangement); but now stock account does not include stocks in employer-based pensions or IRAs. Some research (Cao, Wang and Zhang, 2005; Kullmann and Siegel, 2005) report a much higher stock market participation rate based on the Survey of Consumer Finances (SCF) because it oversamples richer households. e.g. according to the 1998 SCF, 19.2% of the households hold stock directly, and 16.5% hold stock through mutual funds. if indirect stock holding in pension or retirement funds are included, the percentage of households'stocks ownership rate increases to 48.8%. Compared with these statistics, the PSID stock market participation rate is within a reasonable range. 15 This denotes house owning value over the net wealth. The net wealth is the total …nancial wealth plus house owning value minus total debt. The followings are similar. 16 House equity is the house owning value minus the total mortgage on this house.
Determinants of Distress
instead of house value weight and mortgage weight. The logit regression shows that high housing wealth allocation from both house value weight and house equity weight will signi…cantly increase the likelihood of distress. This result is consistent with the story. Higher investment on housing can bind some households'budget constraints in a overly hot/irrational housing market. If market condition is good, house owners accumulate their wealth in their housing assets. In contrary, the households face distress due to loss of housing assets when the market condition deteriorates. Model 1 reports households with more mortgage have a low probability in distress. The mortgage weight of households measures the ability of gaining credit. It is not surprising that households without borrowing constraint are less likely to be in distress. Both model 1 and model 2 show that stock wealth is not correlated with the probability of households in distress; and households with bigger personal business are more likely to be in distress. Heaton and Lucas (2011) suggest that entrepreneurial risk is important in asset pricing. Our micro evidence also implies that entrepreneurial risk signi…cantly impacts the households'…nancial conditions.
We control the scale of income and total wealth in the regression. The coe¢ cients on income square are signi…cantly negative in both models, which imply that middle income families have higher probability to be in distress. The middle income families can enter the housing market but they face more fragile budget constraint compared with high income families. The scale of total wealth is not signi…cant in the regressions. In addition, demographic variables are also included. The results show that families with middle age, female and low education head have higher likelihood to be in distress. The family size and marriage status are also related to the …nancial status.
Consequence of Distress
A declining housing market drives some households into distress. What does this mean in the asset pricing? This question can be empirically explained from two aspects. Firstly, we check whether the distress impacts the stock market participation. To avoid endogeneity issues, table 11 shows the descriptive statistics of the number of households in distress by the stock market participation. In 2009, most households in distress did not hold any stocks; 11 delinquency households with stock holding in 2007 withdrew their stocks in 2009. We also use the number of foreclosure as robustness tests, and …nd the similar trend.
The consumption insurance is tested following the methodology of Cochrane (1991).
He runs cross-sectional regressions of consumption growth on a variety of exogenous variables and found that the full insurance is only rejected by unpredictable shock, such as long illness and involuntary job loss, but not for spells of unemployment and loss of work due to strike. The PSID does not have information of nondurable goods consumption, most researchers (Cochrane, 1991; Mankiw and Zeldes,1991) use food consumption instead as the proxy. We follow this standard methodology, and …rst run cross-sectional regressions of consumption growth on distress dummy. The results are shown in Panel A of Table 12 . The coe¢ cient on the delinquency dummy is signi…cantly negative and it remain signi…cant even after controlling the income growth. Consumption insurance is rejected by the distress. As the model's prediction, households in distress will adjust their consumption and the representative agent assumption will not be reasonable. Panel B reports the robustness test with a foreclosure dummy, and the results show that households in foreclosure have low consumption growth. The behavior of distressed households in stock market participation and consumption growth shows that asset pricing model that assume homogenous households will be rejected by micro facts. The e¤ort that we put in the general consumption based asset pricing model is to correct it from the house market perspective. The micro evidence shown in this sector demonstrates a clear linkage between housing wealth and the basic pricing risk factor.
Conclusion
This paper introduces the irrational housing market into the consideration of asset pricing. When the high expectation of agents in housing market cannot be met by the real market environment, some of them will face bound budget constraints. The full consumption insurance assumption will not be satis…ed and as a result, consumption growth varies among investors. We document that the housing-…nancial wealth ratio can be taken as the measurement of the irrational market, which helps predict the stock returns. Our empirical results also …nd the evidence of the wealth composition's prediction. The housing-…nancial wealth ratio is highly related to the long horizon excess return; and conditional it, the CCAPM shows higher explanatory power for the cross-sectional variations in stock returns. The micro evidence from the recent subprime crisis explicitly supports the micro mechanism of the model.
Why does the wealth composition model work better than the standard CCAPM? The answer lies in allowing for time-variation of consumption exposure in risk-sharing.
The standard CCAPM implies that risk-sharing is always perfect among individuals. Based on this assumption, representative agents and aggregate data work well in this type of models. However this assumption is not realistic. The consumption growth distribution violates the assumption of representative agent, and thus the prediction based on aggregate data is obviously biased. The wealth composition is the factor used in our model to correct this bias.
A Panel Study of Income Dynamics (PSID) Data
The PSID is a longitudinal study of a representative sample of US households and individuals since 1968. From 1968 to 1996, the survey was conducted every year; but in 1997 data collection frequency was changed from an annual to a biennial. The questions of PSID cover many aspects of households'activity besides income. Of particular interests for the study are topics involving …nancial distress information. In 2009, the surveyed families were asked new content about mortgage distress in terms of foreclosure activity, falling behind in payments, mortgage modi…cation, and expectations about mortgage payment di¢ culties in the coming 12 months. Especially, the foreclosure information is tracked back since 2001.
The house value data is collected based on the self-assessed market value of owneroccupied house, and the mortgagor is asked about the value of remaining mortgage balances. The wealth information is divided into several parts in PSID since 1999, i.e. other real estate assets, business, stocks, annuities, savings, bond and insurance, and debt. We calculate the net wealth of households by summing of all wealth accounts and deleting obligations. The net house equity value is calculated as the house value minus the remaining mortgage.
We use food consumption data to represent the nondurable goods consumption information. The food consumption is calculated by the sum of food expenditure made by both food stamp and cash every week. The ratio of food consumption every week between 2009 and 2007 survey, after taking the nature log, is used to measure the consumption growth.
The demographic information is also required in our research. The families' size, number of children and income are collected from the respective survey. The household head's characteristics of the families are also included, e.g. age, sex, marriage status, and education. The descriptive statistics are shown in Table 13 The summary statistics are computed over the sample from 1929 to 2009 and the subspample is from 1945 to 2009. ln c is the nondurable goods conusmption growth; is the share of non-housing consumption in total consumption; and ln is the growth of non-housing consumption share; ln hv f a is the total housing wealth growth from …xed asset account; ln av is the …nancial wealth growth; ha f a is the housing-…nancial wealth ratio; r e is the log return on the S&P compsition index; r f is the risk-free rate. hv rw is the housing wealth from FoF data, which is only availeble after 1945.
ln hv rw is the housing wealth growth based on this data, and the ha rw is the housing-…nancial wealth retio based on this data. All the data presented in this table is annual data. Table 2 : Long-Horizon Predictability Regressions
The results are for the regression R This table reports the estimation of Fama-MacBeth procedure for a long time period T . The dependent variables are the excessed returned Fama-Frech portfolio returns for time t to t + T . The asset pricing factors are the consumption growth from time t to t + T , Non housing consumption share change from time t to t + T , ha in time t, and their interaction. In this table, ha is measured byha f a . The last line reports the R 2 and the adjusted R 2 just below it. OLS standard errors are in parathese, and Shanken-corrected standard errors are in brackets. Signi…cance level at 10%, based on corrected standard errors, is indicated in boldface. 
